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INTRODUCTION 
-2-
It is generally accepted that a high proportion of 
human cancers is attributable to environmental agents, 
mainly environmental chemicals. The distribution of 
potential carcinogens in the environment is essentially 
ubiquitous. The human diet contains a variety of naturally 
occurring mutagens and carcinogens (Ames, 1983). The 
predominance of certain foods in some countries has been 
related to the incidence of certain types of cancers in 
their populations. Therefore dietary mutagens have 
attracted considerable interest in the last decade and a 
number of studies on dietary practices in relation to 
cancer have been undertaken. These studies suggest that a 
greater intake of fibre rich cereals, vegetables, fruits 
and a lower consumption of fat rich products and alcohol 
would be advisable (Doll and Peto, 198I; Peto and 
Schneiderman, 198I). Although quite a large number of 
dietary components have been evaluated in microbial and 
animal test systems, there is still a lack of definitive 
evidence about their carcinogenicity and mechanism of 
action. A majority of chemical carcinogens are known to 
form covalent adducts with DNA and there is a large body of 
evidence implicating DNA as a critical target in chemically 
induced cancer (Miller, 1978; O'Connor, 198I). In order to 
understand carcinogenesis at the molecular level, it is 
essential to determine the conformational changes in the 
target macromolecules and relate these findings to possible 
-3-
aberration in the functioning of modified macromolecules. 
Of late, there has also been an increasing interest in 
oxygen radicals and lipid peroxidation as a source of 
damage to DNA and therefore as promoters of cancer (Harman, 
1981; Gensler and Bernstein, 198I; Totter, 1980; Tappel, 
1980). In addition, mammalian systems have evolved many 
defence mechanisms as protection against mutagens and 
carcinogens. The most important of such mechanisms may be 
those against oxygen radicals and lipid peroxidation. 
Mutagens and carcinogens in dietary plant material: 
It is obvious that food is a very complex substance 
to which humans are exposed. Most people perceive food 
substances of natural origin as free of risk. Such 
acceptance is largely based on faith because our objective 
knowledge on this topic is relatively poor. A large number 
of chemicals are synthesized by plants, presumably as a 
defence against a variety of invasive organisms, such as 
bacteria, fungi and insects (Kapadia, 1982; Clark, 1982; 
Pamukcu et_ al. , 1980; Stitch et_ al. , 198la). The number 
of these toxic chemicals is extremely large and new plant 
chemicals are being continuously discovered (Jadhav et 
al. , 1981 ; Griesebach and Ebel, 1978). It has been known 
for many years that plants contain carcinogens and a number 
of edible plants have shown experimental carcinogenic 
activity for several species and various tissues. Wide use 
of recently discovered short term tests for detecting 
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mutagens (Ames, 1979; Stitch and San, 198I) and a number of 
animal cancer tests on plant substances have contributed to 
the identification of many natural mutagens and carcinogens 
in the human diet (Kapadia, 1982). Some examples of most 
frequently ingested compounds are discussed below. 
Safrole and estragole are related compounds, which 
occur in certain spices and essential oils and are weak 
hepatocarcinogens (Fenaroli, 1971; Guenther and Althausen, 
19^9). Recent studies have implicated 1'-hydroxysafrole 
and 1'-hydroxyestragole, respectively as proximate 
carcinogenic metabolites of safrole and estragole 
(Drinkwater e_t^  al. , 1976; Borchert e_t_ al. , 1973). 
Eugenol and anethole are structurally related to safrole 
and estragole and are widely used as flavouring agents or 
as food additives. Black pepper contains small amounts of 
safrole and large amounts of a closely related compound 
piperine (Concon et al. , 1979). Extracts of black pepper 
cause turmours in mice at a number of sites at a dose 
equivalent to H mg of dried pepper per day given for 3 
months. 
Ivie et_ al. , (198I) have reported that linear 
furocoumarins (psoralens), which are widespread in plants 
of the Umbelliferae family, are potent light activated 
carcinogens and mutagens. Three of the most common 
phototoxic furocoumarins are psoralen, xanthotoxin and 
bergapten. In addition to Umbelliferae, psoralen also 
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occurs in plants from several other families (Ivie, 1978). 
Psoralens are potent photosensitizers and highly mutagenic 
in the presence of activating long wave-length UV light. 
They readily intercalate into duplex DNA where they form 
light induced mono- or diadducts with pyrimidine bases. 
Psoralen, in the presence of light, is also effective in 
producing oxygen radicals (Ya e_t_ al. , 1982). 
Pyrrolizidine alkaloids are naturally occurring 
carcinogens and have been found in some fifty species of 
the families Compositae, Boraginaceae and Leguminosae 
(Schoental, 1982), which are used as foods or herbal 
remedies. Several of these alkaloids are hepatotoxic and 
certain hepatotoxic pyrrolizidine alkaloids are also 
carcinogenic (Hirono et_ al. , 1977; Shoental , 1976). 
Testing of pure pyrrolizidine alkaloids for carcinogenicity 
has been extensive for reasons of a limited supply of these 
chemicals. However, a number of these alkaloids have been 
reported to be mutagenic (Clark, I960) in Drosophila and 
Aspergillus system (Alderson and Clark, 1966). Recently, 
Mori e_t al. (1985) have used a hepatocyte primary culture-
DNA repair test to screen seventeen pyrrolizidine alkaloids 
for their DNA damaging property. This test is highly 
responsive to carcinogenic pyrrolizidine alkaloids 
(Williams et^  al., 1980). Among the results obtained by 
these authors is the indication of a species difference in 
liver bioactivation of these alkaloids. This implies that 
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there may be species difference in the carcinogenic 
potential of pyrrolizidine alkaloids. 
Edible mushrooms contain various hydrazine 
derivatives in relatively large amounts. Most hydrazines 
that have been tested have been found to be carcinogenic 
and mutagenic. The most common commercial mushroom, 
Agaricus bisporus contains about 300 mg of agaritine, the 
y-glutamyl derivative of the mutagen 4-hydroxy-
methylphenylhydrazine, per 100 g of mushrooms as well as 
smaller amounts of the closely related carcinogen N-acetyl-
4-hydroxymethylphenylhydrazine (Toth e_t al. , 1982). Some 
agaritine is metabolized by the mushroom to a diazonium 
derivative, which is a potent carcinogen and is also 
present in the mushroom in smaller amounts. Many hydrazine 
carcinogens may act by producing oxygen radicals (Hochstein 
and Jain, 1981). 
A number of 1 ,2-dicarbonyl compounds e.g., maltole, 
kojic acid, ethylmaltole, diacetyl and glyoxal have been 
found to be mutagenic in the Salmonella/Microsome assay. 
Several compounds in this class are of toxicological 
interest because they occur in various foods. For example, 
maltole is a product of carbohydrate dehydration and is 
present in coffee, soyabeans and baked cereals such as 
bread. Kojic acid is a metabolite of many microorganisms 
including several fungi used in food production, while 
diacetyl is an aroma component of butter, beer, -coffee, 
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etc. (Fishbein, 1983). 
A number of furans, such as 2-methylfuran, 2,5-
diraethylfuran, furfural, 5-methylfurfural and 2-
furylmethylketone are found in numerous food products 
including meat, milk products, various nuts, tea and coffee 
(Maga, 1979). Stich e_t al. (198lb) have reported that 
these furans induced relatively high frequencies of 
chromatid breaks and chromatid exchanges when they were 
exposed to cultured Chinese hamster ovary (CHO) cells in 
the absence of a liver microsomal preparation. The 
clastogenic doses of many of the furans were relatively 
high (100-3900 ppm), whereas the concentration in food 
products was relatively low. However, Stich et. al. 
(198lb) cautioned that the furans are not the only 
genotoxic chemicals in the complex mixture of heated, 
roasted or boiled food products and even if the furans do 
not pose a serious health hazard by themselves due to their 
small amounts in most food items, they do contribute 
significantly to the total genotoxicity of many consumable 
foods and beverages. 
In addition to pyrrolizidine alkaloids, certain 
glycoalkaloids found in potato, such as solanine and 
chaconine, have been reported to be highly toxic as they 
are strong inhibitors of cholinesterase (Jadhav e_t^  al. , 
1981). Pyrrolizidine alkaloids and other glycoalkaloids 
can reach levels which can be lethal to humans in potatoes 
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that are diseased or exposed to light (Katsui e_^  al. , 
1982). 
Cyclopropenoid fatty acids, present in cotton seed 
and other oils, have been reported to be carcinogenic and 
mitogenic having various toxic effects in farm animals. 
Among these, sterulic acid and malvalic acid are widespread 
in the human diet. They are also potentiaters of 
carcinogenicity of aflatoxins (Hendricks e_^  al. , 198O). 
Human exposure to these fatty acids results from the 
consumption of products of animals fed on cotton seed. 
Another major toxin in cotton seed is gossypol, which 
accounts for about ^% of its dry weight. Gossypol causes 
male sterility through formation of abnormal sperm and is 
carcinogenic as well (Xue, 198O), It is a potent initiator 
and also promoter of carcinogenesis in mouse skin (Haroz 
and Thomassan, I98O). Gossypol has been tested in China as 
a possible male contraceptive as it is inexpensive and 
causes sterility during use. Its mode of action as a 
spermicide is presumably through the production of oxygen 
radicals. 
A number of quinones and their phenolic precursors 
are found in the human diet and have been shown to be 
mutagens (Stich e_t al. , 198lb; Brown, I98O; Levin et al. , 
1982). Quinones are quite toxic as they can act as 
electrophiles or accept a single electron to yield the 
semiquinone radicals which can react directly with DNA or 
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generate superoxide radicals (Morimoto e_t al. , 1983; 
Kappus and Sies, I98I). Many dietary phenols can 
autoxidize to quinones generating hydrogen peroxide at the 
same time. The amounts of these phenols in human diet are 
appreciable, for example, catechol which is mainly derived 
from metabolism of plant substances and is a potent 
promoter of carcinogenesis and an inducer of DNA damage 
(Carmella et al., 1982). 
In addition, there are many other dietary compounds 
which have been shown to be mutagenic and carcinogenic in 
various test systems. Allylisothiocyanate, a major flavour 
ingredient of mustard oil, is one of the main toxins of 
mustard seeds and has been shown to be a carcinogen in rats 
(Dunnic e^ al. , 1982). Phorbol esters, present in plants 
of Euphorbiacea family, are potent promoters of 
carcinogenesis and cause nasopharyngeal and oesophageal 
cancers (Hecker, 198I). A variety of carcinogens and 
mutagens are present in mold contaminated food grains, nuts 
and fruits. Some of these, such as various aflatoxins, are 
among the most potent carcinogens and mutagens known 
(Hirono, 1981; Tazima, 1982). Nitrosoamines and other 
nitroso compounds formed from nitrate and nitrites in food 
have been directly related to the incidence of stomach and 
oesophageal cancer. Nitrates are present in large amounts 
in spinach, radish, lettuce and beans (Magee, 1982). 
Although alcohol is not a constitutent of a normal human 
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diet, in view of its widespread use, it would be relevant 
to mention its toxic role. Alcohol has long been 
associated with the cancer of mouth, pharynx and liver 
(Tuyns et_ al. , 1982). Alcohol metabolism generates 
acetaldehyde, which is a mutagen and possibly a carcinogen 
(Stich and Rosin, 1983; Campbell and Fantel, 1983). It 
also generates radicals that produce lipid hydroperoxides 
and other mutagens and carcinogens (Winston and Cederbaum, 
1982; Videla et a]^, 1982). 
Dietary fat - a possible source of carcinogens: 
Fat accounts for approximately H0% of the calories in 
the human diet. There is epidemiological evidence relating 
high fat intake with colon and breast cancer. Animal 
studies have indicated that high dietary fat is a promoter 
and a presumptive carcinogen (Kinlen, 1983; Fink and 
Kritchevsky, 198I; Welsch and Aylsworth, 1983). Two 
plausible mechanisms, involving oxidative processes, have 
been considered to account for the relationship between 
high fat intake and the occurence of cancer and heart 
diseases. According to the first mechanism, rancidity of 
fat yields a variety of mutagens and carcinogens, such as 
fatty acid hydroperoxides, cholesterol hydroperoxides, 
fatty acid epoxides and aldehydes (Simic and Karel, 198O; 
Ferrali et_ al. , 198O). Alkoxy and hydroperoxy radicals 
are also formed (Pryor, 1976-1982). Therefore the colon 
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and digestive tract are exposed to a variety of fat derived 
carcinogens. The second possible mechanism involves 
hydrogen peroxide, which is generated by the oxidation of 
dietary fatty acids by peroxisomes. Each oxidative removal 
of two carbon unit generates one molecule of hydrogen 
peroxide, a known mutagen and carcinogen (Reddy et. al. , 
1982; P,lain, 1955). Some hydrogen peroxide may escape the 
catalase in the peroxisomes and thus contribute to the 
supply of oxygen radicals (Speit et. al., 1982; Jones et. 
al. , 1981)). Oxygen radicals in turn can damage DNA and 
can start the rancidity chain reaction, which leads to the 
production of the mutagens and carcinogens mentioned above 
(Pryor, 1976-1982). 
Mutagens and carcinogens produced in cooking: 
Sugimura and his colleagues (1978, 1979) as well as 
others (Pariza et. al.,1983) have reported that the burnt 
and borwned materials from heating protein during cooking 
is highly mutagenic. Pyrolysis of protein produces strong 
frameshift mutagens that require metabolic activation by 
rat liver S9 fraction (Nagao et. al., 1977). Pyrolysates 
of amino acids also show various mutagenic activities 
(Matsumoto et. al. , 1977). Among the various amino acids, 
the pyrolysate of tryptophan has been found to be most 
mutagenic followed by those of serine, glutamic acid, 
ornithine and lysine. 
Pyrolysates of various sugars, such as glucose, 
arabinose, fructose and sobitol, are all mutagenic in S. 
typhimurium system without metabolic activation. 
Pyrolysate of glucose was found to contain acetaldehyde and 
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glyoxal which are mutagenic to S. typhimurium (Nagao et 
al. , 1978). Carrael, which is sugar derived and widely used 
as a food colouring and flavouring agent is also mutagenic 
in Salmonella test systems but had no carcinogenic effect 
when fed to rats as 6% of the diet for two years (Evans et. 
al., 1977). Coffee contains a considerable amount of burnt 
material including the mutagenic pyrolysis product 
methylglyoxal (Sugimura and Sato, 1983). One cup of coffee 
also contains about 250 mg of the natural mutagen 
chlorogenic acid (Stich e_t al. , 198la) and about 100 mg of 
caffeine which can cause birth defects at high levels in 
several experimental species (Fabro, 1982). There is 
inconclu'^ive evidence to suggest that heavy coffee 
drinking is associated with cancer of the ovary, bladder, 
pancreas and the large bowel (Trichopoulos e_t^  al. , 198I). 
Rancidity reaction of cooking oils and animal fat is 
accelerated during cooking, thus increasing intake of 
mutagens and carcinogens (Simic and Karel, 1980). 
Food additives: 
Sodium nitrite is extensively used as a preservative 
in meat, fish and cheese. A possible formation of 
nitrosomaines from amines, present in or derived from the 
diet, occurs by reaction with nitrous acid at acidic pH. 
In humans, gastric juice attains a pH of nearly 1.0. Such 
high concentration of hydrogen ions gives rise to the 
nitrosyl cation No"*", which is a highly reactive 
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nitrosylating agent. Nitrous acid itself is a known 
mutagen for various bacterial and fungal cells. Its 
mutagenicity is presumably related to the deamination of 
adenine and cytosine (Fishbein et al. , 1970). Sodium 
bisulphite is used as a bacterial inhibitor in a variety of 
beverages and as a preservative in canned fruits and 
vegetables. The bisulphite anion reacts, rather 
specifically, with uracil and cytosine, within single-
stranded regions of DNA and RNA. It is also mutagenic to 
bacteria and bacteriophages (Singer, 1983). EDTA and its 
alkali salts are widely used as sequestrants in various 
foods. They are useful as antioxidants due to their 
property of forming poorly dissociable chelate complexes 
with trace quantity of metal ions such as copper and iron 
in fats and oils. EDTA has been shown to induce chromosome 
aberrations and breakage in various plant species. 
Saccharin was synthesized in the last century and 
since then it has been widely used as an artificial 
sweetener. Reports on the mutagenicity and ca'rcinogenicity 
of saccharin are conflicting and there is some suggestion 
that these activities are thought to be due to impurities 
present in saccharin preparations (Kramers, 1975). The 
possibility of an iji vivo conversion of saccharin into a 
mutagenic metabolite has also been suggested (Batzinger et 
al. , 1977). Another artificial sweetener, which was 
widely used but is now banned in USA and many other 
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countries, is cyclamate. Cyclamate induces chromosome 
breakage in cells of several plants and animal species. It 
is converted _iri vivo into cyclohexylamine, which is also an 
inducer of chromosome breaks (Fishbein e_t al. , 1970). 
Oxygen radicals and cancer: 
One of the theories of etiology of cancer which is 
being widely accepted, holds that the major cause is damage 
to DNA by oxygen radicals and lipid peroxidation (Ames, 
1983; Totter, 1980). Several enzymes produce superoxide 
anion (Op~) during the oxidation of their substrates, for 
example, xanthine oxidase and peroxidase (Buettner e_t al. , 
1978; Duran et al., 1977). Numerous substances such as 
reduced flavins and ascorbic acid upon autoxidation produce 
superoxide anion. This radical further accepts an electron 
from a reducing agent, such as thiols to yield peroxide 
(HpOp). There is jji vitro evidence that HpOp may then 
react with certain chelates of copper and iron to yield the 
highly reactive hydroxyl free radical(OH') (Wolff et al. , 
1986). That the superoxide anion actually appears in 
metabolism is confirmed by the ubiquitous occurrence of 
superoxide dismutase. Indeed, certain white blood cells 
generate superoxide deliberately by means of a specialized 
membrane bound NADPH oxidase and this participates in the 
killing of microorganisms and tumour cells (Wolff e_t al. , 
1986). 
It has been suggested that certain promoters of 
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carcinogenesis act by generation of oxygen radicals, this 
being a common property of these substances. Fat and 
hydrogen peroxide are among the most potent promoters 
(Welsch and Aylsworth, 1983). Other well known cancer 
promoters are lead, calcium, phorbol esters, asbestos and 
various quinones. Inflammatory reactions lead to the 
production of oxygen radicals by phagocytes and this is the 
basis of promotion by asbestos (Hatch et a_l. , 198O). Many 
carcinogens which do not require the action of promoters 
and are by themselves able to induce carcinogenesis 
(complete carcinogens), also produce oxygen radicals 
(Demopoulos et_ al. , 198O). These include nitroso 
compounds, hydrazines, quinones and polycyclic 
hydrocarbons. Much of the toxic effect of ionizing 
radiation damage to DNA is also due to the formation of 
oxygen radicals (Totter, I98O). The mechanism of action of 
promoters involves the expression of recessive genes and an 
increase in gene copy number through chromosome breaks and 
creation of hemizygosity (Kinsella, 1982; Varshavsky, 
1981). Promoters also cause modification of prostaglandins 
which are intimately involved in cell division, 
differentiation and tumour growth (Fischer e_t al. , 1982). 
Most data on radical damage to biological macromolecules 
concern with the effects of radiation on nucleic acids 
because of the possible genetic effects. However, in view 
of the catalytic role of enzymes, damage to proteins is 
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also considered important. It has been suggested that 
primary oxygen radicals, produced in cells and their 
secondary lipid radical intermediates, modify and fragment 
proteins. The products are often more susceptible to 
enzymatic hydrolysis leading to accelerated proteolysis 
inside and outside the cells (Wolff et_ al. , 1986). 
Anticarcinogens: 
The protective defence mechanisms against mutagens 
and carcinogens include the shedding of surface layer of 
the skin, cornea and the alimentary canal. If oxygen 
radicals play a major role in DNA damage, defence against 
these agents is obviously of great importance (Totter, 
1980). The major source of endogenous oxygen radicals are 
hydrogen peroxide and superoxide which are generated as 
side products of metabolism (Pryor, 1976-1982). In 
addition, oxygen radicals also arise from phagocytosis 
after viral and bacterial infection or an inflammatory 
reaction (Tauber, 1982). The exogenous oxygen radical load 
is contributed by a variety of environmental agents (Pryor, 
1976-I982). The enzymes that protect cells from oxidative 
damage are superoxide disrautase, glutathione peroxidase 
(Pryor, 1976-1982) D.T. diaphorase (Lind et aJL_^ , 1982) and 
glutathione transferases (Warholm e_t al. , 1981). In 
addition to these enzymes, some small molecules in the 
human diet act as antioxidative agents and presumably have 
an anticarcinogenic effect. Some of these compounds are 
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discussed below. 
Tocopherol (vitamin E) is an important trap of oxygen 
radicals in membranes (Pryor, 1976-1982) and has been shown 
to decrease the carcinogenic effect of quinones, adriamycin 
and daunomycin which are toxic because of free radical 
generation (Ames, I983). Protective effect of tocopherols 
against radiation induced DNA damage and dimethylhydrazine 
induced carcinogenesis have also been observed (Beckman, 
et al., 1982), B-carotene is a potent antioxidant present 
in the diet and is important in protecting lipid membranes 
against oxidation. Singlet oxygen -is a highly reactive 
form of oxygen, which is mutagenic and is mainly generated 
by pigment mediated transfer of energy of light to oxygen. 
Carotenoids are free radical traps and are remarkably 
efficient as quenchers of singlet oxygen (Packer e_t al. , 
1981). fi-carotene and similar polyprenes are also the main 
defence in plants against singlet oxygen generated as a 
byproduct of the interaction of light and chlorophyll 
(Krinsky and Deneke, 1982). Carotenoids have been shown to 
be anticarcinogens in rats and mice and may also have a 
similar effect in human (Mathews-Roth, 1982; Peto e_t al. , 
1981). Glutathione is present in food and is one of the 
major antioxidants and is antimutagenic in cells. 
Glutathione transferases are a major defence against 
oxidative and alkylating carcinogens (Warholm e_t al. , 
1981). Dietary glutathione is an effective anticarcinogen 
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against anatoxins (Novi, 198I). The cellular 
concentration of glutathione is influenced by dietary 
sulphur amino acids (Tateishi et_ al. , 198I). Selenium, 
which is present in the active site of glutathione 
peroxidase, is another important dietary anticarcinogen. 
Glutathione peroxidase is essential for destroying lipid 
hydroperoxides and endogeneous hydrogen peroxide and 
therefore helps to prevent oxygen radical induced lipid 
peroxidation (Flohe, 1982). Several heavy metal toxins, 
such as Cd "*" (a known carcinogen ) and Hg^ decrease 
glutathione peroxidase activity by interaction with 
selenium (Flohe, 1982). Some other dietary antioxidants 
include ascorbic acid and uric acid. The former has been 
shown to be anticarcinogenic in rodents treated with UV 
light and benzo(a)pyrene (Hartman, 1982). Uric acid is 
present in high concentrations in the blood of humans and 
is a strong antioxidant (Ames e_t_ al. , 198I). A low uric 
acid level has been considered a risk factor in cigarette 
caused lung cancer; however, too high levels may cause 
gout. 
In addition, edible plants contain a variety of 
substances such as phenols that have been reported to 
inhibit or enhance carcinogenesis and mutagenesis in 
experimental animals (Ames, 1983). The inhibitory action 
of such compounds may be due to the induction of cytochrome 
P-il50 and other metabolic enzymes (Boyd et al. , ig82). 
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The optimum levels of dietary antioxidants have not been 
determined; however, there might be considerable variation 
among individuals. On the other hand, high doses of such 
compounds may lead to deleterious side effects. The 
differences in cancer rates of various populations are 
generally considered to be due to environmental and life 
style factors such as smoking, dietary carcinogens and 
promoters. However, these differences may also be due, in 
good part, to insufficient amounts of anticarcinogens and 
other protective factors in the diet (Maugh, 1979). 
In the past two decades, there has been much emphasis 
on the induction of cancer by occupational and industrial 
pollution factors. There is growing recognition, however, 
that these may account for only a small fraction of human 
cancers. It is becoming increasingly clear from 
epidemiological and laboratory data that diet is an 
important factor in the etiology of certain human cancers. 
It has been suggested by Doll and Peto (1981) that in the 
United States diet accounts for 355^  of cancer deaths. 
According to these authors, there are five possible ways 
whereby diet may effect the incidence of cancer; (i) 
ingestion of powerful direct acting carcinogens or their 
precursors, (ii) affecting the formation of carcinogens in 
the body; (iii) affecting transport, activation or 
deactivation of carcinogens; (iv) affecting "promotion" of 
cells that are already initiated , and (v) overnutrition. 
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Normal individual consumption of potentially mutagenic 
substances per day from foods and beverages is estimated to 
be between 1 to 2 gm. In addition, the endogenous 
conditions favour the formation of still more mutagens i_n 
vitro in humans (Oshshima and Bartsch, I98I). 
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SCOPE OF THE WORK PRESENTED 
Kojic acid (5-hydroxy-2-hydroxy methyl-y-pyrone) is 
a 1,2 dicarbonyl compound produced from carbohydrate 
sources in an aerobic process by a variety of 
microorganisms. This was first reported by Saito (1907), 
who isolated it as a crystalline substance from the 
mycellia of Aspergillus Oryzae grown on steamed rice. 
Shortly thereafter, Yabuta (1913) undertook an intensive 
investigation of the substance, gave it the name kojic acid 
and definitely established its constitution in 1924. A 
considerable amount of work has been done on the 
biosynthesis of kojic acid and numerous publications have 
dealt with its chemical and biological properties. Kojic 
acid is a substituted -^ -pyrone with a highly reactive 
phenolic hydroxyl group at Cj-, which enables it to form 
salts with a number of metals like Fe, Cu, Mn, Ni, Co, 
etc. and produces many derivatives characteristic of 
hydroxy compounds. Kojic acid is readily soluble in water, 
ethanol and acetone, sparingly soluble in ether, ethyl 
acetate, choloroform and pyridine and difficultly soluble 
in most other liquids. The UV-absorption spectrum of kojic 
acid exhibits a characteristic absorption maximum at 315 nm 
(Stacey and Turton, 19^5). Mutagenecity of kojic acid was 
studied by the reversion mutation test in bacteria (Ames 
CH^OH 
kOJIC ACID 
(5-hyc/roxy-2-hydroxymethy(-y-pyrone) 
- 2 2 -
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test) by Shibuya et al. (I982). A positive result was 
obtained with strains TA 98, 1535, and 100, which was not 
modified by Sg fraction. 
Interest in exploring interaction of kojic acid with 
Deoxy ribose nucleic acid (DNA) arose because of its 
intensive use in food industry and as a pharmaceutical 
agent in medicine. It is a metabolite of many 
microorganisms including several fungi used in food 
production. Manabe e_t al. (1984a) studied fortyseven 
strains of Aspergillus oryzae, used in manufacture of 
Japanese fermented foods. About half of the strains tested 
positive for kojic acid production. Similarly strains of 
Aspergillus flavus, Aspergillus fumigatus, Aspergillus 
nidulans and Aspergillus niger were shown to produced kojic 
acid on mixed feed. (Karchenko and Yatsyshin, 1984). 
Fermented foods from Taiwan were reported to possess kojic 
acid in considerable amounts (Yang, e_t_ al. , 198O). 
Kharchanko and Shermeta (1979), established the principles 
of kojic acid accumulation in different kinds of feed, 
damaged by Aspergillus flavus. High performance liquid 
chromatography detected kojic acid in corn soysause and 
Koji mash, both of dietary importance (Manabe et al . , 
1984b). Artificially kojic acid is used for prevention of 
colour fading of foods (Fukazawa, e_t_ al. , 1988a). Foods 
are soaked in aqueous solutions containing 0.6g/l kojic 
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acid and stored at low temperatures. Kojic acid is also 
used as a preservative for fresh foods (Uchino, 1987). 
This is done by dipping foods in a solution of kojic acid 
or just spraying kojic acid over foods. It finds use as an 
antioxidant for oils, fats and related foods, medicines and 
cosmetics (Sansho Seiyaku Co. Ltd., 198I). Kojic acid was 
reported to inhibit tyrosinase (Fukazawa, e_t_ al. , 1988b) 
in different foods and nitrosamine formation during cooking 
of NOg-cured meat (Sato and Theiler, 198^1). 
Kojic acid is a widely used pharmaceutical product, 
as an antiinflammatory and analgesic agent (Sansho 
Seiyaku Co. Ltd., 1980), that may be administered orally, 
topically or by injections. Phosphate esters of kojic acid 
(Suzuki and Matsugami, 1986) are useful in topical 
preparations of pharmaceuticals and cosmetics. These are 
used for tretment of disease conditions related to 
hyperactive organelles, e.g. dermatoses, keratinization-, 
male pattern baldness, cutaneous tumors, etc. These are 
also used as drug penetration enhancers or drug toxicity 
suppressing agents in conjunction with other drugs 
(Thornfeldt, 1986). Kojic acid also shows inhibitory 
effects on raelanogenesis and pigmentary disorders of human 
skin (Ohyama and Mishima, 1990). 
-25-
ANTIBIOTIC ACTIVITY: 
Yabuta (1913) noted that bacterial growth is 
generally stopped in the presence of more than 0.55^  kojic 
acid. The promisingly high activity of some mold cuture 
media against various bacteria was found to be due wholly 
to the relatively high concentration of kojic acid produced 
by these molds (Marston, 1949; Gill, 19^9; Jennings and 
Williams, 1945; Lee e_t al. , 1950; Buu Hoi and Ratsimamang, 
1953)• Foster and Karow (19^5) also noted a slight 
inhibition of pure cultures of various bacteria by kojic 
acid. They observed that gram negative bacteria were more 
sensitive to Sodium Kojate than gram positive ones; with 
most other antibiotic substances the reveres is true. Lee 
and coworkers (1950) found that kojic acid is active 
against human tubercle bacilli in vitro under a variety of 
conditions; complete inhibition of surface growth of 
bacilli being caused by 45 mg of kojic acid per 100 ml of 
liquid medium. 
TOXICITY: 
An indication of toxicity of kojic acid to mammals 
was given by Friedemann (1934) who observed a definite 
response in dogs after intravenous injection of 0.15 g of 
sodium kojate per kilogram body weight and found the lethal 
dose to be about 1 g/kg body weight. Practically the same 
symptoms were shov/n by rabbits and rats. For mice, 
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toxicity of the same order was reported by Morton and 
coworkers (1945) and by Jennings and Williams (19^5). The 
latter workers also observed that human leucocytes are 
killed within three hours by a 1% solution of sodium kojate 
at pH 6.8. Twelve day chick embryos were also susceptible 
to kojic acid, the observed LD.„„ being 12 mg/100 g of egg 
weights (Lee, et^  al. , 1950). Moderate cardiotoxic and 
cardiotonic activities of kojic acid have also been 
reported (Giarraan, 19^8 , 19^9). Kojic acid producing 
fungal strains were also reported to be toxic to new born 
piglets, causing histopathological changes in brain, lung, 
liver and intestines (Kharchenko and Yatsyshin, 1984). 
These mutagenic and toxicological characteristics of kojic 
acid were enough to discourage chemotherapeutic 
investigations and to contraindicate the medicinal and 
dietary value of kojic acid. 
The above lines indicate that kojic acid, in addition 
to being a dietary mutagen is also a potential 
antibacterial agent. It presumably interacts directly with 
cellular DNA as its mutagenecity in bacteria does not 
require metabolic activation. The experiments described in 
this dissertation show that kojic acid interacts with DNA 
in vitro to cause strand breakage and that such breaks 
result from the generation of active oxygen species. 
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MATERIALS 
Chemicals used for the present studies were obtained from the 
following sources: 
Chemicals Sources 
Agarose Koch Light Laboratories, England. 
Bathocuproine disulfonate Aldrich Chemical Co., U.S.A. 
Bovine serum albumin Sigma Chemical Co.,U . S . A . 
B-mercaptoethanol E.MercK, Germany 
Catalase Sigma Chemical Co.,U.S.A. 
Deoxy ribonucleic acid Sigma Chemical Co.,U.S.A. 
(Calf thymus) 
Diphenyl-amine B.D.H., India. 
Ethylenediaraine tetra- B.D.H., India, 
acetic acid 
Eco.RI C.S.I.R. Centre for Biochemicals, 
New Delhi, India. 
Nitroblue tetrazolium Sisco Research Labs., U.S.A. 
Sodium dodecyl sulphate Sigma Chemical Co., U.S.A. 
S,-nuclease Sigma Chemical Co., U.S.A. 
Superoxide dismutase Sigma Chemical Co., U.S.A. 
(Bovine Erythrocytes) 
Supercoiled pBR322 DNA Isolated and purified in the lab. 
Tris (Hydroxymethyl) Fluka, Switzerland, 
amino methane HCl 
Triton x-100 B.D.H., India. 
All other chemicals used were of analytical grade. 
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METHODS 
Treatment of superooiled plasmid pBR322 DNA with kojic acid 
in presence of Fe (III). 
Plasmid pBR322 DNA was prepared by the method of 
Maniatis(1982) . 
0.3 ug of plasmid DNA in 30 ul of Tris (0.01 M; pH 7.5) was 
incubated in 800 lux of fluorescent light with appropriate 
concentrations of kojic acid and FeCl^ at room temperature 
for the time periods indicated in the legends. A sample 
buffer containing 505^  glycerol, 40 mM EDTA and 0.05^ 
bromophenol blue was added and the samples electrophoresed 
on ^% agarose gels in Tris acetate EDTA (0.04 M Tris-
acetate, 0.002 M EDTA, pH 8.0). The gels were stained in 
0.5 ug/ml ethidium bromide and photographed in U.V. on 
photodyne UV-300 trans-illuminator. In experiments in 
which bands were extracted for subsequent studies, a small 
trough was cut into the gel just ahead of the band to be 
extracted. Electrophoresis was continued but occasionally 
interrupted as the stained material (viewed under UV-light) 
entered the trough, which was then emptied with a 
micropipette. Removal of ethidium bromide, concentration 
and subsequent treatment of DNA extracted in this way were 
by standard methods (Maniatis, 1982). 
Alkaline gels: (Konard, 1974). Alkaline agarose slab gels 
(15 X 15 x 0.8 cm) contained 0.9% agarose and sodium 
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chloride (0.05 M). The running buffer contained 0.03 M 
sodium hydroxide and EDTA (0.002 M) and electrophoresis was 
at 20V, ^0 mA for 14 h. The gel was renatured in 1 M Tris-
HCl buffer pH 7.4 containing 0.6 M sodium chloride. The 
gel was stained for 15 min in 250 ml ethidium bromide (0.3 
ug/ml) in water. The gel was returned to the renaturation 
buffer for an additional 30 min and then photograp h ed 
under ultraviolet illumination. 
Assay of S.-nuclease hydrolysis: 
This assay determines the acid soluble nucleotides, 
released from DNA as a result of enzymic digestion. The 
reaction mixture in a total volume of 1.0 ml contained 500 
ug of subtrate (native, denatured or kojic acid treated 
DNA) 0.1 M acetate buffer pH 4.5, 1 mM Zinc sulphate, 
water and enzyme. The mixture was incubated for 2 h at 
48°C. The reaction was stopped by adding 0,2 ml of bovine 
serum albumin (10 mg/ml) , and 1 ml of 145^  perchloric acid 
(ice cold). The tubes were immediately transferred to 0°C 
for at least 1 hour before centrif ugation to remove the 
undigested DNA and precipitated protein. Acid soluble DNA 
nucleotides were determined in the supernatant using the 
diphenyl-amine method of Schneider (1957). To a 1.0 ml 
aliquot, 2.0 ml diphenylmine reagent (freshly prepared by 
dissolving 1 gm of recrystallized diphenylamine in 100 ml 
of glacial acetic acid and 2.75 ml of cone HpSOu ) was 
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added. The tubes were heated in a boiling water bath for 
20 minutes. The intensity of blue colour was read at 600 
nm. 
Determination of Fe(II) with 1,10-phenanthroline: 
The reaction between Fe(II) and 1, 10 phenanthroline 
to form a red complex serves as a good sensitive method 
for determining Fe(II) (Sandell, 1959). The complex is 
stable and the colour intensity does not change appreciably 
over long periods of time. The intensity of colour is 
independent of pH in the range of 2.0 to 9.0. Beer's law 
is obeyed. The molar absorptivity of the complex 
[(C^^HQli^)Fe'] is 11,100 at 510 nm. The production of 
Fe(II) in the presence of kojic acid (50 uM); 1, 10 
phenanthroline (800 uM) and FeCl^ (50 uM) was observed and 
absorption was recorded at 510 nm after the incubation 
period. 
Determination of Cu(I) using bathocupriaine; 
Cu(I) was determined by employ.ing Cu(I) specific 
chelating agent bathocupr o»ne. This forms an intense orange 
complex which absorbs maximally at M80 nm (Jaselow and 
Dawson, 1951). The production of Cu(I) in the presence of 
kojic acid (50 uM)), bathocuprine (200 uM) and Cu(II) (50 
uM) , was observed and absorption was recorded at 4^80 nm, 
after the incubation period. 
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Detection of superoxide anion (0'~): 
Superoxide anion was detected by the reduction of 
nitroblue tetrazolium (NBT) essentially as described by 
Nakayama, ejt_ al. , ( I983) . A typical assay contained, in a 
total volume of 3.O ml, 50 mM potassium phosphate, pH 7.8, 
33 JUM NBT, 0.1 mM EDTA and 0.06^ triton x-100. The 
reaction was started by the addition of kojic acid. 
Immediately after mixing, the absorbance at 560 nm was 
measured under various experimental conditions against a 
blank which did not contain kojic acid. To confirm the 
formation of OA , superoxide dismutase (SOD) was introduced 
into the solution before adding kojic acid. 
Determination of hydroxjrl radical (OH'): 
Determination of OH" was done by the following 
method: 
Aromatic hydroxylation: 
The assay is based on the ability of OH' to 
hydroxylate aromatic rings at an almost diffusion 
controlled rates and the measurement of hydroxylated 
products by a simple colorimetric method using salicylate 
(2-hydroxy benzoate) as a detector molecule (Richmond et 
al., 1981). The reaction mixture (2.0 ml) contained the 
following reagents at the indicated concentrations. 2 mM 
salicylate, 0.1 mM EDTA, 0.1 mM FeCl^ and 150 mM KH^PO^-KOH 
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buffer, pH 8.0. The reaction was initiated by adding 
appropriate amount of kojic acid. Tubes were incubated at 
room temperature for 2 hrs. Reaction was stopped by adding 
80 ul of 11.6 M HCl and 0.5 gm NaCl followed by 4.0 ml of 
chilled diethylether. The contents were mixed by vortexing 
for 1 min. Next, 3.0 ml of upper (ether) layer was 
pipetted off and evaporated to dryness in a boiling tube at 
40°C. The tubes were cooled and the residue dissolved in 
0.25 ml of cold distilled water to which the following 
reagents were added in the order stated: (a) 0.125 ml of 
10^ w/v TCA dissolved in 0.5 M HCl, (b) 0.25 ml of 105^  w/v 
sodium tungstate in water and (c) 0.25 ml of 0.55^  w/v NaNOp 
(freshly prepared). After standing for 5 rain 0.5 M KOH was 
added and the absorbance at 510 nra was read exactly after 1 
min . 
Singlet oxygen monitoring: 
1 
Formation of singlet oxygen ( 0^ ) was determined in 
aqueous solution by the method of Kralijic and Moshni 
(1978). p-nitrosodimethylaniline (pRNO) solution was 
prepared in 0,01 M phosphate buffer, pH 7.8. Histidine 
(33.3 ug/ml) was added to the pRNO solution as a selective 
1 
acceptor of Op . Irradiation by fluorescent light of the 
reaction mixture was performed for varying time periods of 
1 
incubation. Singlet oxygen ( 0^) formed a transannular 
-34-
peroxide intermediate complex with histidine leading to the 
bleaching of pRNO which was then measured spectro-
photometrically at 440 nm. The generation of signlet 
oxygen ( Op) in the reaction system was further established 
by carrying out quenching studies with sodium azide (Joshi, 
1985). 
- 3 5 -
RESULTS 
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S^-nuclease hydrolysis of calf thymus DNA treated with 
kojic acid and transition metal ions. Effect of 
incubation in light and dark. 
In Table-I is given an experiment where DNA was 
< 
treated with kojic acid and transition metal ions, e.g. 
Fe(III), Fe(II) and Cu(II) in presence and absence of 
fluorescent light. Fe(III) and Cu(II) were found to 
mediate DNA breakage reaction by kojic acid in presence of 
fluorescent light only, whereas Fe(II) was much more 
efficient from Fe(III) in light but also gave significant 
hydrolysis in dark. A reducing agent such as B-
mercaptoethanol greatly enhanced the DNA breakage reaction 
by kojic acid and Fe(III). 
Cleavage of pBR322 DNA by kojic acid and Fe(III). 
With Fe(III), kojic acid in the presence of visible 
light induced strand breakage in DNA by converting 
superhelical (form I) plasmid pBR322 DNA to the circular 
nicked relaxed (form II) DNA. Fig. 1A shows the ethidium 
bromide stained banding pattern of pBR322 DNA treated with 
increasing concentration of Fe(III) in the presence of 0.2 
raM kojic acid (lanes b-g). As can be seen, the treatment 
of form I DNA with Fe(III) at concentrations upto 0.1 mM 
(lanes c-e) cause little change in the intensity of band 
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TABLE - I 
S^-Nuclease hydrolysis of DNA treated with kojic acid in the 
presence of transition metal ions and a reducing agent in 
light and dark. 
Sample % DNA Hydrolysed 
Control (DNA alone) 1.52 
DNA + Kojic acid (]ight) 3-33 
DNA + kojic acid + Fe[III] (Dark) 1.72 
DNA + kojic acid + Fe[III] (Light) 22.33 
DNA + kojic aicd + Fe[III] + 44.42 
p-mercaptoethanol (Light) 
DNA + kojic acid + Fe[II] (Light) 25.03 
DNA + kojic acid + Fe [II] (Dark) 17.15 
DNA + kojic acid + Cu[II] (Light) 16.14 
DNA + kojic acid + Cu[II] (dark) 5.67 
Treatment of calf thymus DNA in TNE (2 mg/ml) with kojic 
acid (0.2 mM) vias carried out with respective metal ion (0.2 
mM) and B-mercaptoethanol (1 raM) in sterile tubes at room 
temperature for 4 hrs. At the end of the incubation period 
the reaction mixtures were subjected to S--nuclease 
hydrolysis in the standard assay. 
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Fig. 1 Agarose gel eleGtrophoretic pattern 
of ethidium bromide stained pBR322 
DNA after treatment with kojic acid 
and FeCIlTTT 
DNA migrated from top to bottom in 
the order of increasing distance of 
migration; form I DNA (supercoiled 
covalently closed circular DNA), 
form III DNA (linear duplex DNA) 
and form II DNA (relaxed circular 
DNA) . 
(A) Effect of Increasing concentrations 
of Fe(III) on the kojic acid 
mediated degradation of pBR322 DNA. 
Lane a. DNA alone; Lane b-g. 
0, 0.025, 0.05, 0.1, 0.2 and 0.^ 4 mM 
Fe(III) respectively in the 
presence of 0.2 mM kojic acid. 
(B) Conversion of form I to form II DNA 
as a function of increasing kojic 
acid concentrations. 
Lne DNA alone; 
Lane b-g. 0.025, 0.05, 0.1, 0.2, 
0.4, 0.6 mM kojic acid in the 
presence of 0.2 mM Fe(III). 
Reaction mixtures were Incubated at 
room temperature for 4 hrs in the 
fluorescent light. 
a b c d e f g 
a b c d e f g 
B 
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of form I DNA. However at higher concentrations of 
Fe(III), (lanes f-g) almost all form I DNA is converted to 
form II. 
The breakage induced by kojic acid and Fe(III) is 
also dependent on kojic acid concentration. Lanes (b-f) 
in Fig. IB show the concomitant decrease in the intensity 
of the band of form I DNA and simultaneous increase in 
that of the form II. At kojic acid concentrations above 
0.2 mM, almost all superhelical form I is converted to 
relaxed form II DNA. Above 0.4 mM kojic acid 
concentration extensive DNA breakage takes place and a 
smear of fragments is obtained (lane, g). 
The strand scission of DNA by kojic acid and Fe(III) 
was also confirmed with calf thymus DNA as the substrate. 
The results given in Fig. 2 indicate that the maximum DNA 
degradation occur at a Fe(III) concentration of 0.2 mM. 
As the concentration of kojic acid in the reaction mixture 
is also 0.2 mM, it is indicated that a kojic acid/Fe(III) 
molar ratio of 1 gives the maximum rate of DNA hydrolysis. 
Thus this ratio was chosen for further experiments. Fig. 
3 shows the time dependent conversion of form I to form II 
pBR322 DNA (lanes b-f) mediated by kojic acid and Fe(III). 
Concomitant decrease of form I and simultaneous increase 
in the intensity of form II DNA occurs and all the 
supercoiled form is converted to the relaxed form In 4 
hrs. 
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Fig. 2 Degradation of oalf thymus DNA as 
a function of increasing Fe(III) 
concentration 
degree of S-] 
as measured by the 
nuclease digestion. 
DNA was incubated with increasing 
concentrations of Fe(III) in the 
presence of 200 uM kojic acid at 
room temperature for 4 hrs in 
fluorescent light. S-|-nuclease 
digestion and determination of 
acid soluble material was done as 
describedin 'Methods'. 
200 A 00 
Cone of Fe III,>uM 
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Fig. 3 Agarose 
pattern 
stained 
with ko 
gel electrophoretic 
of ethidiurn bromide 
pBR322 DNA after treatment 
jic acid and Fe(III) as a 
function of tjme 
Reaction mixture containing pBR322 
DNA (0.3 ug), kojic acid (0.2 mM) 
and Fe(III) (0.2 mM) were 
incubated at room temperature in 
the fluorescent light for the time 
periods indicated. 
Lanes b-f. 0.5, 1.0, 2, 3 and 4 
hrs respectively; 
Lane a. containing DNA alone was 
also incubated for H hrs. 
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Effect of transition metal ions on the degradation of 
pBR322 DNA by kojic acid. 
Fig, 4 shows the effect of several metal ions on the 
degradation of DNA in the presence of kojic acid. It can 
be seen that only Fe(IIl), Fe(II) and Cu(II) are effective 
in the degradation reaction. The effect of Cu(II) is 
however not as strong as that of Fe(III); as the 
conversion of superhelical to the relaxed form of DNA is 
only partial. Co(Il), Ni(Il) and Mn(II) are not effective 
at all as substitutes of Fe(III). 
Production of Fe(II) from kojic acid and Fe(III) 
interaction. 
From the results of Fig. 4 it can be suggested that 
Fe(ll) may be the possible intermediate in kojic acid-
Fe(III) mediated DNA degradation. This was tested by the 
method of Sandell (1959). The reaction between Fe(Il) and 
1,10-phenanthroline to form a red complex serves as a good 
sensitive method for determining iron. The molar 
absorptivity of the complex [C. pHoN2) •:,Fe ] is 11,100 at 
510 nm. Fig. 5 shows an absorption peak at 510 nm, when 
kojic acid, Fe(III) and 1,10-phenanthroline were incubated 
m light. However, the characteristic peak of the complex 
could not be detected when the reaction mixtures were kept 
-43-
fig' ^ Effect of different metal ions on 
kojic acid mediated degradation of 
PBR322 DNA. 
Lane a. DNA alone 
Lane b. DNA +0.2 mM kojic acid 
Lane c-h. 0.2 mM, Fe(III), Cu(II), 
Co(II), Ni(II) and Mn(II) 
respectively in the presence of 
0.2mM kojic :-cid and DNA. 
The reaction mixtures were 
incubated at room temperature for 
H hrs in flu'-^ '^ escent light. 
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Fig. 9 Restriction analysis of form II 
(open circul.-ir DNA) generated by 
treatment ;''_" supercoiled pBR322 
DNA with koric'acid and Fe(III). 
A. Native gel ;_ 
Lane a. supercoiled pBR322 DNA 
(control) 
Lane b. control + EcoRI 
Lane c. SC + K'',jic acid + Fe(III) 
Lane d. open circular DNA (OC) 
from lane c + EcoRI 
B. Denature gol: 
wer- dissolved 
bi.'fer and 
Samples wer- dissolved in 
alkaline bi.'^ fer and run 
alkaline d.^'-'i urating g^ls. 
Lane a. contt, oi ^ ECORT 
Lane b. open circular DNA (from 
lane c) + EcoRI. 
the 
on 
e 
c 
o 
o 
10 
< 
0-/, 
0-2 
370 470 570 
Wavelength ( n m ) 
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Fig. 5 Detection of kojic acid induced 
Fe(III) production by 1, 10-phenan-
throline. 
The concentr5i ion of 1, 10-phenan-
throline uso-i --as 800 uM. 
[O] Phenantrrni ine + 50 uM Fe(II) 
[A] Phenanthrwline + 50 uM kojic 
acid + 50 >;M Fe(III) (light) 
[•] Phenanthr-jline + 50 uM Fe(III) 
[a] Phenanthrc]ine + 50 uM Fe(III) 
+ 50 uM kcjic acid (dark) 
[A] Phenanth'-'^line + 50 uM kojic 
acid. 
Other reaction concentrations were 
the same as described in 
'Methods'. 
370 A70 
Wavelength (nm) 
570 
-45-
in dark for the same incubation periods. 
Inhibition of DNA breakage by deferoxamine. 
When increasing concentrations of deferoxamine 
mesylate were added, there was a progressive decrease in 
the S.-nuclease susceptibility of kojic acid- Fe(III) 
treated DNA. Results in Fig. 6 show that the percent 
inhibition of DNA degradation is a function of an increase 
in the ratio of deferoxamine/Fe(III). The percent 
inhibition of DNA degradation was calculated as (A-
B)/Ax100. (A and B are the % DNA hydrolysed in the 
absence and presence of deferoxamine mesylate 
respectively). The percent inhibition reaches a plateau 
at a deferoxamine/Fe(III) ratio of 1; suggesting the 
essential role of Fe(III) in the DNA degradation reaction. 
Production of Cu(I) from kojic acid- Cu(II) interaction. 
Similar to the reduction of Fe(III) to Fe(II) by 
kojic acid (Fig.5), it was of interest to determine 
whether Cu(II) can also be reduced to Cu(I). For this 
purpose two Cu(I) specific chelating agents, namely 
bathocuproine and neocuproine were employed. 
Bathocuproine forms an intense orange complex with Cu(I), 
which absorbs maximally at 480 nm (Jaslow and Dawson, 
1951). Neocuproine, on the other hand, complexes with 
Cu(I) to form a Cu (neocuproine)^ complex which has an 
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Fig. 6 Inhibition by deferoxamine of 
kojic aoid-Fe(III) induced 
breakage of DiVA. 
Calf thymus D'JA was treated with 
200 uM kojip acid and 200 uM 
Fe(III) in the presence of 
varying O'^noontrations of 
deferoxamine ?•', room temperature 
for 4 hrs ?•-. the fluorescent 
light. Th'-- T'eaction mixtures 
were subje-v ' HI to S--nuclease 
digestion. 
0-5 1-0 1-5 2-0 
[Deferoxamine/ Fe III ] 
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Fig. 7 Detection of kojic acid induced 
'^^ production by 
etect io  
Cu(I) 
 
bathocuproine 
The concentrp-Mon of bathocuproine 
used was 200 uM 
[•] Bathocuproine + 50 uM kojic 
acid + 50 uM Cu(II) (light) 
[A] Bathocuproine + 50 uM kojic 
acid + 50 uM Cu(II) (dark) 
[O] Bathocuproine + 50 uM Cu(II) 
[a] Bathocuproine + 50 uM kojic 
acid 
[A] Bathocuproine + 50 uM Cu(I) 
AOO 500 
Wavelength (nm) 
600 
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absorption peak at 450 nm (Nebesar, 1951). Addition of 
bathocuproine to the kojic acid- Cu(II) mixture yielded 
Cud) specific product which had an absorption peak at 480 
nm was obtained (Fig. 8). This indicates that Cu(I) is 
produced during k-j.ic acid- Cu(II) interaction. In both 
the cases potentir'l of kojic acid to reduce Cu(II) was 
substantially red." oi in dark. No spectral changes in the 
absorption spectrui^ ; of kojic acid were seen with either 
bathocuproine or nr cuproine in the absence of Cu(II). 
Restriction analysis of form II (open circular DNA) 
generated by treatment of supercoiled pBR322 DNA with 
kojic acid and Feil7~'). 
In order to test whether kojic acid-Fe(III) mediated 
cleavage of DNA occvrs at a preferred site or nucleotide 
sequence, the folif^wing experiment was performed. 
Supercoiled pBR32.c niasmid DNA was treated with kojic acid 
and Fe(III) for a time period which resulted in its 
complete conversion to the relaxed form. The relaxed 
circles were isolate' as described in 'Methods'; digested 
with Eco RI for which there is only one site in pBR322 and 
analyzed on native and alkaline agarose gels. The results 
are presented in Fig. 9 and Table II. In native gel it 
can be seen that the isolated open circular DNA on 
treatment with Eco RI gives rise to the linear form III 
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Fig. 8 Detection of kojic acid induced 
Cu(I) production by neocuproine. 
The concentration of neocuproine 
used was 200 uM. 
[A] Neocuproine + 50 uM kojic acid 
+ 50 uM Cu(II) (light) 
[rt Neocuproine + 50 uM kojic acid 
+ 50 uM Cu(II) (dark) 
[03 Neocuproine + 50 uM Cu(II) 
[•] Neocuproine + 50 uM kojic acid 
[Zi] Neocuproine + 50 uM Cu(I) 
A 
B 
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TABLE - II 
•Analysis of open circular DNA generated by treatment of 
supercoiled pBR322 DNA with kojic acid and Fe(III). 
DNA Conformation {%) 
S.No. Treatment Z~7~- 5 i^^  I Z 
Native Denatured 
_ S C PC LIN SS(FL)^ SS(HET)^ 
1. SC (control) 
2. Control + Eco.RI 
3. SC+kojic aeid/Fe(III) 0 100 
i » . OC form (3)+Eco.RI 
a. SC = Supercoiled pBR322 DNA 
OC = open circular pBR32? DNA 
LIN= Linear pBR 322 DNA 
b. SS(FL) = Single stranded full length linearized pBR322 
molecules 
c. SS(HET) = Heterogeneous mixture of sizes less than 
SS(FL). 
d- NT = Not tested. 
e. No recognizable bands: a smear of ethidium bromide stained 
material was seen. 
* The gels of Fig. 9 were scanned by a GS 300 
Transmittance/Reflactance scanning densitometer to 
quantify relative amount of DNA in each band. 
85 
0 
0 
15 
0 
0 
0 
100 
0 
100 
NT 
100 
NT 
0 
NT'^ 
0 
NT 
100® 
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DNA. However, when the same sample was run on an alkaline 
denaturing gel n^ d Lscrete band was obtained but a smear 
of ethidium bromide stained material was seen indicating 
that there is no evidence for any preferred site or 
sequence for koj '--. acid-Fe(III) mediated scission of 
DNA. The same i>' 'J ts are presented in a tabular form 
in Table II and lead to the same conclusion. 
Effect of free radical scavengers on DNA breakage by 
kojic acid and Fe(III) 
Several mutagens of dietary importance such as 
flavonolds ( Rahm?-, t^. al^ . , I989 ) and various other 
anticancer drugs h-r.-f been shown to degrade DNA in the 
presence of a metal ion and molecular oxygen. In all 
these reactions active oxygen species such as hydroxyl 
1 
radical (OH ) and singlet oxygen ( 02^ were shown to 
be responsible for the breakage of the DNA molecule. 
For this reason ••'•.e effect of several free radical 
scavangers on kojic acid-Fe(III) mediated DNA degradation 
was examined. Sodium azide is a singlet oxygen scavanger; 
potassium iodide, sodium benzoate and mannitol are 
scavengers of hydroxyl radicals, whereas superoxide 
dismutase ( McCord and Fridovich, 1959 ) and Catalase 
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remove superoxide x'ree radical and hydrogen peroxide 
respectively. As peen in Fig. 10 ( lanes c-h ) and Table 
III all free radjcal scavangers tested showed inhibition 
of DNA breakage by kojic acid and Fe(III) to various 
extents; indicating the role of oxygen free radicals. 
The maximum inhibition was obtained by catalase and 
potassium iodide indicating an essential role for H O 
and hydroxyl racl.l'";ils. Under anaerobic conditions also 
almost complete inhibition is seen indicating the 
essential role of "-"ecular oxygen. 
Photogeneration of 02 on illumination of kojic acid 
in fluorescent light. 
Fig. 11 shows the generation of superoxide anion 
(0 2 ) by kojic acid in visible light. The increase in 
absorbance at 560 nm observed on reduction of nitroblue 
tetrazolium (NBT) by superoxide anion is substantially 
reduced in the dark and is completely inhibited by 
superoxide dismutase (SOD), confirming the formation 
of this radical .'V kojic acid. Fig. 12 shows the 
generation of superoxide anion by increasing concentration 
of kojic acid as n function of time. Production of 
superoxide radical increases with increase in 
concentration of kojic acid and time of incubation. 
Fig. 13 gives the rate of superoxide anion generation 
•54-
Fig. 10 Effect of fr3e radical scavengers 
on DNA breakage by kojic acid and 
Fe(III) . 
Lane a. DNA alone; Lane b. DNA, 
kojic acid and Fe(III); Lane c-h. 
same as lane b with sodium azide 
(50 mM), potassium iodide (50 
raM), sodium benzoate (50 mM), 
mannitol (50 mM), superoxide 
dismutase (50 ug/ml) and catalase 
(50 ug/ml) respectively. The 
final concontrations of kojic 
acid and Fe(III) in the reaction 
mixture wer--^  0.2 raM both. The 
cocentratinna shown in the 
parantheses were the final 
concentrations of scavengers. 
Other reaciicn conditions were 
the same as described in 
'Methods' . 
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TABLE - III 
Percent inhibition of S^-nuclease hydrolysis of DNA 
after treatment with kojic acid and Fe(III) in the 
presence of scavengers or under anaerobic conditions 
and in absence of light. 
Scavengers or % inhibition of 
anaerobic conditions S.-nuclease Hydrolysis 
Anaerobic condition 91.7 
Dark 83-35 
Catalase (100 ug/ml) 58.35 
Superoxide dismutase (100 ug/ml) 50.00 
Sodium azide (50 mM) 58.35 
Potassium iodide (50 mM) 100.00 
Sodium benzoate (50 mM) 56.7 
Mannitol (50 raM) 66.7 
Concentrations shown are final reaction concentrations. 
Details of the reaction mixture are given in "Methods". 
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Fig. 11 Photogeneration of ^2 on illumina-
tion of !;ojic acid in the 
fluorescent light Effect of 
incubation in darkness and 
superoxide dirnutase. 
The concentration of kojic acid 
used was U! I'M 
[•] dark 
[A] +SOD 
[•] light 
0-& 
E 
c 
o 
m 
4—> a 
<v 
o c a 
o 
< 
100 
Time (mln) 
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Fig. 12 Photogenera^.j on of O2 by kojic 
acid in 1^- fluorescent light. 
The photoreictJons were carried 
out as describedin the 'Methods'. 
The concentrations of kojic acid 
in the rear*ion mixture were: 
[•] 70 uM 
[•] ^n uM 
[A] 7 uM 
[O] 3.5 uN 
£ 0-5 
c 
o 
"S 
(U 
c OO 
a 
O 
^ 0-2 
< 
0-1 
0 
m 
/ 
/ / 
> 
i^*-^* 
;i^ / / 
^ 
. ' ^ 
• 
/ / 
> / / / 
/ 
> / / 
f 
• / ^ 
x>' 
I 1 1 
20 100 KO 
Time (min) 
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at different pH values. As seen the rate of superoxide 
anion generation lucreases as the pH is elevated from 
7.5 to 10 . The enhanced production of superoxide anion 
at elevated pH vai 'S has also been observed in the case 
of xanthine oxida.-.a catalyzed generation of superoxide 
anion from xanthinn or hypoxanthiol (Fridovich, 1970). 
The degradation of ^-upercoiled pBR322 plasmid DNA also 
occurs at an enh--. •:•• rate at higher pH values as shown 
in Fig. 1^. It "ould thus appear that the rate of 
formation of supo"-xide anion is directly related to 
the rate of degradation of DNA by kojic acid and Fe(III). 
Generation of hydroxyl radical (OH ) by kojic acid and 
Fe(III). 
It is knowa LPirough established mechanisms that 
the generation of superoxide anion may lead to the 
formation of hydrogen peroxide (^ 202-'* Addition of a 
second electron to superoxide anion (0*2) gives the 
2-
peroxide ion (^ 2 ^ which has no unpaired electron and 
is not a radical. However peroxide ion at neutral pH 
immediately protonatcs to give hydrogen peroxide (H202). 
Alternatively, in nqueous solution superoxide anion 
undergoes dismutation to form H20p and 0„ (Halliwell 
and Gutteridge, 198'1). 
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Fig. 13 Effect of p^] on the generation of 
0'^ by koj i'. t'.c.id as a function of 
time. 
Concentrati'^ .'- of kojic acid was 
T4 uM throo=?hout. Other reaction 
conditions were the same as 
described in 'Methods'. 
[•] pH 7.5 
[O] pH 8.5 
Im] pH 9.5 
[A] pH 10.0 
100 
Time (min) 
140 
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Fig.l4 Effect of pH on the pBR322 DNA 
degradation by kojic acid and 
FeTlII). 
Reaction mixtures containing 
pBR322 DNA J ."'CO uM kojic acid and 
200 uM F e d T O were incubated at 
room tempereduro for 4 hrs in the 
fluorescent light at the indicated 
pH values. 
Lane a DNA p'one at pH 7.5; Lanes 
b-e. DNA I '/ojic acid + Fe(III) 
at pH 6.5, 7.5, 9.5 and 10, 
respectively, 
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20^" + 2H U^O^ + 0^ 
The superoxide anion (O2 ) and hydrogen peroxide 
(H2O2) interact J }•• i i"ie presence of iron salts to generate 
« 
the hydroxyl radit.-?] (OH ) in the so called Haber-Weiss 
reaction ( Haber ^nd Weiss, 193^ ; Beauchamp and 
Fridovich, 1970 )-
° r - »2°2 '>ltil7if^ O2 - °"' ^ OH' 
In the following experiments we show that hydroxyl 
radical is also generated by kojic acid presumably by 
the above mechanism. Table IV shows the effect of 
increasing kojic acid concentrations on the generation 
of hydroxyl radical as determined by the formation of 
hydroxylated salicylic acid. It is seen that formation 
of hydroxyl radicl increases with an increase in 
concentration of '--^ jr acid. To test the effect of 
various transition metal ions on hydroxyl radical 
production, differt^nt metal ions were added to the 
reaction mixture. •'^f the various metal ions tested only 
Fe(III), Fe(II) and Cu(II) were able to produce 23.1, 
28.0 and 16.0 nanomoles of hydroxylated product 
respectively, whereas activity of other metals was 
negligible (Table V). 
In order to unequivocally demonstrate that 
hydroxyl radical is formed and follows the pathway of 
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TABLE - IV 
Formation of hydroxyl radicals as a function of kojic acid 
concentration. 
Kojic acid Hydroxylated products 
(uM) formed (n moles) 
7 8.6 
14 20.0 
21 20.9 
35 21.9 
70 32.6 
Reaction conditions are described in 'Methods' and values 
shown are final reaction concentrations. 
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TABLE - V 
Effect of metal ions on the generation of hydroxyl radicals 
by kojic acid. 
Metal Ion Hydroxylated product 
(0.1 mM) Formed (n moles) 
Fe(III) 23.1 
Fe(II) 28.0 
Cu(II) 16.0 
Co(II) 6.5 
Mn(II) 9.8 
Ni(II) 4.3 
Details of reaction mixture are given in the "Methods" 
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Haber-Weiss reactic-i, the effect of quenchers of various 
active oxygen spci!;i©3 was studied. The results given 
in Table VI show that catalase and superoxide dismutase 
show complete inhibition of hydroxyl radical formation 
confirming the involvement of superoxide radical and 
hydrogen peroxide. The incomplete inhibition observed 
with Mannitol and Sodium formate, which are hydroxyl 
radical quenchers, is presumably due to the fact that 
these agents compete with the substrate, i.e. salicylate 
for hydroxyl radical. In order to effectively trap a 
hydroxyl radical (0[;*) by Mannitol and Sodium formate, 
very high concentra'ions (upto 50 mM) are required ( 
Quinlan and Gutter ^  i,--'^:, 198? ). Fig. 15 shows the effect 
of a reducing agent, e.g. B-mercaptoethanol on the 
capacity of kojic acid to produce hydroxyl radicals. 
There is a considerable increase in absorbance at 510 
nra with increasing concentrations of B-mercaptoethanol. 
Thus a reducing agent probably facilitates the 
oxidation-reduction steps of the process to produce 
hydroxyl radicals. 
Singlet oxygen ( ^2^ production by kojic acid in 
fluorescent light. 
1 
Singlet oxygFn ( 0^) was determined in aqueous 
solution by bleaching of p-nitrosodimethyl aniline 
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TABLE - VI 
Effect of oxygen radical quenchers on the generation of 
hydroxyl radicals by kojic acid. 
Quenchers Hydroxylated % 
yuencners product formed Inhibition (n moles) 
Control 20.6 0.0 
Control + Mannitol (5 mM) 7.7 62.6 
Control + Sodium formate (5 mM) 18.5 10.2 
Control + Sodium benzoate (5 mM) 13-5 3^.5 
Control + Potassium Iodide (5 mM) 4.9 76.2 
Control + SOD (50 ug/ml) 0 100 
Control + Catalase (50 ug/ral) 0 100 
The final concentration of kojic acid in the reaction 
mixture was 0.014 mM. Concentrations of scavengers shown are 
final reaction concentrations. Details of other reaction 
conditions are described in the "Methods". 
Control = Salicylate + kojic acid + FeCl^ 
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Fig. 15 Effect of p-mercaptoethanol on 
hydroxyl radical production by 
kojic acid. 
The concentration of kojic acid 
used in the reaction was 0.35 mM 
[O] ^ -mercaptoethanol alone 
[• ] ^ -mercaptoethanol + kojic 
acid. 
BME,mM 
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(pRNO) described by Kralijic and EI Mohsni (1978). 
As can be seen in Fig. 16, maximum bleaching of pRNO 
is observed in case of kojic acid treated sample, 
thereby indicating the generation of singlet oxygen 
( O2) . When sodium azide, a scavenger of Op was 
added to the rea-'..ion mixture, the bleaching of pRNO 
was substantia]ly decreased confirming the production 
1 
of 0^ by kojic acid. A parallel control of pRNO 
alone was run and it showed no change in the 
absorbance. Tl -.—^  results directly indicate the 
singlet oxygen ( '^'^) generating potential of kojic 
acid under these conditions. 
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Fig. 16 Singlet oxygen production by 
kojic acid in the fluorescent 
light. 
Generation of singlet oxygen was 
measured by recording the 
decrease .in the absorption of p-
nitrosodimethyl aniline (pRNO) 
solution (3x10"^ M in 0.01 M 
phosphate buffer pH 7.0) 
containing 0.01 M histidine 
selective acceptor of 
Concentration of kojic acid 
was 200 uM. 
as a 
\ 
used 
[§] pRNO alone 
[O] pRNO H kojic 
[D] pRNO + : - iic 
[A] pRNO + kojic 
azide 
Other reaction 
the same as 
•Methods'. 
acid 
acid 
acid 
(light) 
(dark) 
+ sodium 
conditions were 
described in 
30 90 
Time (min ) 
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VISCUSSION 
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The results presented in this dissertation lead to 
the following major conclusions: (i) Kojic acid has a 
photosensitizing action and in the presence of visible 
light and molecular oxygen causes degradation of DNA; (ii) 
such degradation of DNA is considerably enhanced in the 
presence of transition metal ions Fe(III) and Cu(II); (iii) 
the cleavage of DNA in the presence of Fe(IIl) does not 
appear to have any preferred sites or sequences for strand 
scission; (iv) the proximal DNA cleaving agents are active 
oxygen species sucli as the hydroxyl radical (OH") and 
singlet oxygen ( 0^ .).. 
The photosensitizing action of riboflavin and its 
effect on DNA has been extensively studied (Bradley and 
Sharkey, 1977; Speck, e_t al. , 1975; Speck, et. al. , 1976; 
Kuratomi and Kobayashi, 1977; Korycka Dahl and Richardson, 
1978). Its phototoxic action causes strand breaks in DNA 
in the presence of visible light and molecular oxygen. In 
this laboratory it was further shown that binding of 
riboflavin to DNA may occur even in the absence of visible 
light (Alvi, e_t al. , 1984). There are several similarities 
between the action on DNA of kojic acid and riboflavin. 
These include the fact that the photodegradation of DNA in 
both cases is enhanced in the presence of a transition 
metal ion such as Cu(II) (unpublished results), and their 
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ability to photogG.nerate superoxide radical (0* ) and 
singlet oxygen ( O^)- In addition, the photodegradation of 
DNA by kojic acid is also inhibited by scavengers of active 
oxygen species such as catalase, superoxide dismutase, 
sodium azide and mannitol to various degrees, suggesting 
the involvement of hydrogen peroxide (HpO-), superoxide 
radical (0* ), singlet oxygen ( Op) and hydroxyl radical 
(OH ) respectively. Conversely the degradation of DNA by 
photosensitized riboflavin has been mainly attributed to 
the generation of triplet state riboflavin (Korycka-Dahl 
and Richardson, 1980). It is recognized that 
interconversion of cuperoxide anion (0'~), singlet oxygen 
( Op) and hydroxyl radical (OH*) can occur leading to the 
formation of hydrog-:n peroxide (HpOp) (Joshi, 1985). 
Hydrogen peroxide reacts with superoxide radical (0"") to 
generate hydroxyl rr^dical (OH*) which is the most reactive 
of the various active oxygen species. 
The supercoiled plasmid DNA is a convenient substrate 
for the rapid and sensitive assay of the reaction. 
Conversion of the supercoiled molecule to the relaxed form 
is the result of a single nick in the DNA molecule. A 
second nick close to the first one gives rise to the linear 
form. However in the present case, as seen in Fig. 1 no 
linear form of DNA was observed. At relatively higher 
concentrations of kojic acid the open circles were degraded 
to smaller heterogeneous sized molecules. It appears that 
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relative to the conversion of supercoiled plasmid DNA to 
the relaxed circle5!. the subsequent degradation of the 
latter is a considerably faster reaction. Based on the 
present results it is not possible to offer a more precise 
explanation for this observation. Kojic acid is capable of 
reducing Fe(III) to Fe(II) and Cu(Il) to Cu(I) and such 
reduction is enhanced in the presence of light, suggesting 
the role of photogenerated superoxide radical (0*~). That 
the reduced iron and copper species play a role in the DNA 
degradation reaction can not be ascertained. However, in 
the case of some drugs such as, 4'-(9-acridinylamino) 
methane sulphone-m-anisidine (mAMS) (Wong, e_t al. , 1984) 
and quercetin (Rahman, e_t al. , 1989) it has been 
established that Cu(I) obtained by the drug catalyzed 
reduction of Cu(IT~' plays an essential role in the 
degradation of DNA. It has been proposed that the 
mechanism of DNA cleavage by these two compounds and Cu(II) 
involves the formation of a ternary complex of the drug, 
DNA and Cu(II), which generates oxygen radicals in situ via 
C u d ) . This involves the reoxidation of Cu(I) to Cu(II) 
and to an oxidized form of the drug. 
Experiments of Table III and Fig. 16 establish to a 
reasonable degree that the proximal DNA cleaving agents are 
1 
the hydroxyl radical (OH') and singlet oxygen ( O2). There 
are two alternative routes for the generation of hydroxyl 
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radical as given below: 
0^" + H^O^ = OH* + OH" ( 1 ) 
H^O^ + Fe(II) = OH' + OH" + Fe(III) (2) 
Reaction (1) is generally referred to as Haber-Weiss 
reaction and reaction (2) as the Fenton reaction. As 
mentioned on page 61 the generation of hydrogen peroxide is 
possible from supci'oxide radical. Under the conditions 
employed, photosens]lized kojic acid alone (in the absence 
of metal) is also capable of degrading DNA, although to a 
lesser degree. It vv'ould be reasonable to assume that in 
the absence of a metal ion reaction (1 ) is operative and in 
the presence of Fe(III) or Cu(II) reaction (2) is 
predominant. Studies on the effect of quenchers indicate 
1 
that singlet oxyger; ( Op) may also be important as a 
proximal cleaving agent. Singlet oxygen may arise through 
a variation of the Haber-Weiss reaction as follows (Badwey 
and Manfred, I98O; Kellogg and Fridovich, 1975): 
O2" + H2O2 Metal ^0^ + OH" + OH" (3) 
It is generally recognized that hydroxyl radical 
reaction with DNA I5 preceded by the association of the 
ligand with DNA followed by the production of the hydroxyl 
radical at that particular site. This is presumably so 
because the hydroxyl radical is highly reactive and it can 
only diffuse 5-10 molecular diameters before it reacts 
(Pryor, 1988). As mentioned in the 'Introduction' such 
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reactions have been observed by the binding of several 
drug-metal complexes to DNA as well as water soluble 
fraction from cigarette tar. Additionally, it has been 
demonstrated that intercalation in DNA of several DNA 
binding drugs leads to the induction of free radical 
formation (Pipetts and Calberg, 1978). 
-75-
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